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The invention relates cc the detection, 
identification or determination of bacteria in samples in 
general and in particular in clinical samples such as - 
blood, urine, saliva, cerebrospmial fluid, faeces, pus 
5 and tissue that are taken from patients that are possibly 
infected with a, as yet unknown, possibly pathogenic 
bacterium, or during follow-up diagnostic testing to for 
example evaluate therapeutic measures that have been taken 
so far to treat the disease. 

10 Traditional methods to determine or identify bacteria 

in general start with a Gram- stain, which is well known in 
the art. Such a stain can be performed on a sample 
immediately after sampling or, when not enough bacteria 
are present, after a short period of culturing of the 

15 sample- In general, four types of bacteria are found after 
Gram-staining; Gram-negative rods and cocci and Gram- 
positive rods and cocci. However, such a Gram-stair, can 
only in very exceptional cases provide the clinician with 
the knowledge required to provide accurate therapy. 

20 Examples of Gram-negative rods in clinical samples 

are Enterobacter , Klebsiella , Salmonella , Escherichia , 
Proteus and Pseudomonas species, of Gram-negative cocci 
are Neisseria species. Gram^posi tive rods that may be 
found in clinical samples are bacillus species, of Gram- 

75 positive cocci are Enzercconcus , Streptoccus and 

Staphylococcus species. Some oi these, such as Streptcccus 
and Staphylococcus can easily be further determined or 
distinguished from each other by their morphological 
characteristics. Streptococci land Enterococci) are 

30 characterised by chain like churacter of cocci that are 
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Streptoco^^: species cannot be di s t i ngu^ped by 

morphology alone. However, such relatively rough taxonomic 
distinction on a genus level cannot be considered 
satisfactory for clinical purposes and consequently 
further identification is required to establish proper 
medication. For example m the case of Staphylococcus, 
these bacteria need to be turther distinguished based on 
their coagulase positive {3. ^-reus) or coagulase negative 
(5. haemolyticus and others) character because these two 
groups require different antibiotic therapy. 

In general, the exact species involved is determined 
by culturing techniques. To fully determine the species cf 
a bacterium present in a clinical samole rh*=> fnl 1 
steps a r c in general required: 

- (1) Pre-culcurir.g of the sample in order to amplify 
the number of bacteria to a level above the lower 
detection limits of step (2). 

- (2) Culturing on selective and non-selective media. 
These traditional methods are time consuming. On 

average, a regular diagnostic procedure takes at least a 
few hours (minimally 2) of pre-cul tur mg followed by 
minimally 24 hours of culturing on selective and non- 
selective media. This lmoiies tnat it takes at least 26 
hours before the clinician obtains a diagnosis on which he 
or she can select appropriate antibiotics or base other 
further treatment . 

~nis latency-period between \ re sampling of a patient 
and the final diagnosis m mo?' cases is critical for the 
treatment and the speed-of -recovery of the patient. During 
this iatency-per j ori * patient is in general treated with 
broad-spectrum antibiotics The antibiotic of choice is 
mainly determined by tn~ * oi incal eye" cf r ri e clmiciar. 

3y selecting a broad-spec: r urn antibiotic, sucn 
r. h e i- -i c ; " " by ^ 1 - -> .=» -: - - . - , 
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patients deTence against microbial invaders fro- the 
environment. Especially the lowering of the colonisation 
threshold of the gastro-mt est mai tract may cause sever 
5 overgrowth by e.g. yeasts and fungi. The resulting 

secondary infection, or super infection, m septicaemic 
patients who already suffer from a decreased immunity " 
often leads to .life-threatening situations. 

Apart from the serious danger to the patient's 
0 health, wide-spect run antibiotic therapy poses anotner 
threat. The repeated exposure of indigenous bacteria to 
antibiotics enhances the emergence of resistance against 
such an antibiotic. Especially when a resistance-gene is 



15 bacterial species may become resistant after the uptake of 
the plasmid. This latter scenario is considered to be a 
major problem in hospital epidemiology. It is therefor of 
paramount therapeutic and epidemiological importance to 
speed up the methodological procedures in the diagnosis of 

20 blood samples from for example septicaemic patients to be 
able to select specific antibiotic therapy designed for 
the specific pathogen found, thereby refraining from using 
broad- spectrum antibiotics , 

Present techniques other than culturing, albeit in 

25 genercil specific when beforehand knowledge exists about 
the species involved, cannot oe used with samples 
containing uncharacter Lsec spe.'ics, ar.n do thus not fit 
the acute needs wnen speedy diagnosis is needed on 
uncharacterised patient materia!:. In general, these 

30 methods are aisc too s_cw tc meet the needs of the 

clinician m providing care tc h,s or her oatients. N.ost, 
for example, require iso^tjc;. oi nucleic acid, or 



amplification of nucleic a_ic, c: both, before the actual 





testing can be performer 
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pathogen and rapidly select^Pe antibiotic 
against which the pathogen is not resisianc. To do this, 
the micro-organism would again have to be cultured, to 
determine its resistance pattern, thereby again 
introducing a lag in diagnosis. 

In short, there u: ^ need for fast and reliable, 
diagnosis of bacteria, present m for example clinical 
samples that may replace or add to the currently used 
culruring techniques. 

The invention provides a method for determining, 
detecting or identifying a bacterium suspected of being 



a) testing said sample by Gram-staining and 
l> b) testing said sample with a probe according to an 

in situ hybridisation protocol selected on the 
basis of the outcome of said Gram-staining. 
Rapid techniques for detecting bacteria and other 
bacteria in general are known. For example, in situ 
20 hybridisation is a well known technique, however, in 
general, it ha^ only oeen applied m specialised 
laboratories as a tool co detect and quantify the relative 
abundance or bacteria that are difficult to culture using 
traditional methodology or as a tool to quantify for 
25 example growth kinetics of already known bacteria in 
culture . 

In short, ; n : n sir 1 .: h yor i di sa t i or. , nucleic acid 
probes, labelled wim ^ n.'pr.rrr.t molecule: such as an 
enzyme or a fluorescing substance, are reacted with 
-V; specific nucleic acid sequences found specifically and 

preferably solely m the bacteria under study, which for 
this purpose fus boen pe rmeabi 1 i sea to let the probe cnter 
tne organism. As a target sequence nucleic acids of 
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23S ribosomjL RNA, mitochondrial RNA, mes^^ger RNA and 
nuclear DNfl^^ 

In situ hybridisation has never been successfully 
applied for rapid detection of bacteria in clinical 
5 samples because the presently used in situ hybridisation 
techniques are too inaccurate and too slow to give an 
advantage over traditional culturing. 

First of all, hybridisation requires permeabilisat ion 
of the pathogen, and until now no generally applicable 

10 permeabilisat ion protocols nave been developed that allow 
sufficient but restricted lysis of many or all of a broad 
range of unidentified bacteria. In general, mild 
permeabilisation leaves many oacieria (such as 
Staphylococcus spec.) inaccessible for subsequent 

15 hybridisation with probes, whereas rigorous 

permeabilisation often fully lyses most bacteria, thereby 
foregoing the possibility to detect them all together. 

In addition, current protocols are in general time- 
consuming multi-step procedures; hybridisation often 

20 requires minimally 24 hours, thereby giving no relief to 
the needs of the clinician who is only helped with 
accurate and speedy diagnosis. Furthermore/ they mostly 
require beforehand knowledge about the genus or even 
species involved in order to select appropriate probes; 

?5 having such beforehand knowledge is clearly not the case 
in the event of a patient having an unidentified 
infection. Also, the present, already inappropriate 
hybridisation techniques do not allow to gather 
mtornation on the respond: vi^rrt antibiotics of the 

3U bacterium involved. 

The invention provides a fast and reliable metnod for 
diagnosis, detection and- :r determination of bacterid 
which may be present ir. a sample. Such a sample may be of 
various origin, it is for :r. " t an ;:o oo?sible to applv n 
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from a (cAminated) bactenai culture^ drinKing water 
or food succeed to be contaminated with a bacterium. 

In a preferred embodiment the invention provides a 
method to detect or identify a bacterium suspected of 
being present in a clinical sample. Herein, the term 
"clinical sample" comprises a sample obtained or derived 
from an animal, preferably a mammal, more preferably a 
human being. Such a sample may be sampled or tested 
because a bacterial infection or disease is suspected. 
Such a sample car: be of various origin, such as blood, 
serum, white blood cells, cerebrospinal fluid, synovial 
fluid, tissue, biopsies, urine, saliva, faeces, and 
others. In a preferred embodiment the invention provides a 

me t h oH whp r p -i n caiH c- l ^ a r . ~ i ~ — i_n \ 

— — - —•-^ ^. j..... iiiuiimiu -L- -l a i : uuu , pi ereraoiy 

being derived from a human. 

A sample can be a primary sample or it can be a 
secondary or sub-sample which is derived from a primary 
sample by diluting, splitting or culturing it one or more 
times. Diluting allows determining the relative abundance 
of a bacterium in a sample, thereby thus providing a 
method allowing not only qualitative but also quantitative 
determination of a bacterium, h sample can be tested 
directly after it has oeen obtained or after it has been 
stored, for example by cooling or freezing and secondary 
or sub-samples can be tested ir. parallel cr subsequent 
from each ether. 

The invention provides a rrer hod comprising 
determim nq by Gram-s t a i n i nn fr.e Gram-positive cr Gram- 
negative anc rod c- ccccus ry D ., 0 f bacterium m a clinic-, i 
sample ana further testing saic sample according to an in 
situ hybridisation protocol selected on the bas.;s of the 
outcome of said Gram-stainin? . A primary advantage of a 
method according tc the :r.ven-cn is the speed with which 
analyses n^v ^, ■ - _ ■ 
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prococols^^r example, Gram-oositive St^ococci can now 

be determined from within about 30-60 minutes, Gram- 
negative rods from within about 43-90 minutes, if needed, 
whereas traditional protocols often need a working day or 
more. On top of that, often a f^rst indication, or even a 
definitive selection, of a preferred antibiotic for 
therapy can oe given, based on the results of the testing. 

A preferred embodiment or the invention is a method 
for the detection or identification of bacteria in a 
clinical sample of blood at patients who are suspected to 
suffer from a septicaemia. In a preferred embodiment a 
method provided by the invention makes use of labeled 
probes, such as f luorescent i y labeled single strain DNA-, 
RnA- or PNa~probes, directed against specific target 
sequences on for example the nbosomai RNA of the target 
bacterium present in the sample. 

The invention provides a method wherein classical 
Gram-staining indicates the presence of a Gram-negat i ve or 
Gram-positive bacterium in said sample, further comprising 
determining the rod or coccus character of said bacterium, 
thereby establishing the subsequent testing protocol. 

When a Gran-negative bacterium is of the rod type, the 
invention provides a method further comprising hybridising 
said sample with at least one probe selected from a group 
of Drobes capable of hybridising with nucleic acid found 
in Escherichia coli, in K ' obe i cl 1 a pneumoniae, in 
Kl ebs le 1 j. h ox y toe a , . : i 5e? * : j * ; i ma r. cesc&ns , in 
Enterobaeter ae rogee.ee , m t-'.r, t eroea e ':e r cloacae, in 
Pioteu-s vulgaris, m Froreae e,ieabilis, in Salmonella 
typhi, in Pseudomonae aeruginosa. 

Furthermore, the invention provides a method wherein 
saiu character is of the Gram negative ~cecus type, 
further comprising subjecting i d sample to treatment 
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comprisir^etermining the rod or coccu^aracter of said 
bacterium^nd when said Gran-posuve character is cf the 
rod type, further comprising subjecting said sample to 
treatment with a lysis buffer comprising lysozyme and/or 
5 Proteinase K . 

In addition, when said character is cf the Gram- 
positive coccus type, a method is provided further 
comprising determining a chain-like or clump-like 
character of said oacteria before a hybridisation protocol 
10 is selected, when before mentioned character is chain- 
like, a metnod provided by the invention is further 
comprising subjecting said sample to treatment with a 
lysis buffer comprising iysozyne, and further comprising 
hybridisina said samnl^ wuh at le? 

from a group cf probes capable of hybridising with nucleic 
acid found in Enterococcus faecalis, in Streptococcus 
pneumoniae, in Streptococcus mitis, in Streptococcus 
v±r idans , in Streptococcus sanguis, in Enterococcus 

faeci um . 

20 In addition, a method :s provided wherein said character 

is clump-like, further comprising subjecting said sample 
to treatment with a lys.s buffer comprising lysostaphin 
and or Proteinase K, further comprising hybridising said 
sample with at least one probe selected from a group of 
25 probes capable of hybridising with nucleic acid found in 

Staphylococcus aureus, m ^zapnylococcus haemolyt icus , in 
Staphyl occccus saprophy: . cus . 

Probes usee .it. 3 rretr.o- as provided oy the invention 
cdn bo directed acair.c; v,.r .1 target nucleic acio 
M [ molecules rour.o m a b^;' vinn which can be used are for 
exanoie ribosorr.al h MA , m 1 Locnor.dnal RNA, plasmid DNA, 
messenger RNA and n.clear D\A . It is also pos-ioie to 
select as target mcUc-. — nucleic acid from tnc above 
discussf.-d an-ibior.^c . -■ ^ ,^ n ^ ^ . ^ „_ 
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In a ^^f erred embodiment, a method^^vxded by the 

invention uses as a target for in situ hybridisation a 
(16S) ribosomai RNA molecule. In a particular embodiment 
of the invention saia probe is having no more than five, 
5 preferably no more than two m i srr.a tches with a probe 

selected of a group conposed of probes having a sequence 
GCCTGCCAGTTTCGAATG or GTAGCCCTACTCGTAAGG or 
GAGCAAAGGTATTAACTTTACTCCC or GTTAGCCGTCCCTTTCTGG . or 
TTATCCCCCTCTGATGGG or AGAGAAGCAAGCTTCTCGTCCG or 
10 GCCACTCCTCTTTTTCCGG or GGTAATGGAGCGCGGATCG or 

CCGAAGGGGAAGGCTCTA or AGAGAAGCAAGCTTCTCGTCCGTT , each 
selected in relation to a method as provided by the 
invention or m relation to congruent antibiotic 

spnsi H vi ty of s h^rtprium rpronni spri by Sri "id prnb^ . 

r ; ^ fv ' In additions a method is provided by the invention 
} that is further comprising hybridising said sample with at 
least one positive control probe capable of hybridising 
with nucleic acid round in a majority of bacterial species 
and/or with at least one negative control probe not be .ma 

20 capable of hybridising with nucleic acid found in a 

majority of bacteriAl species. Preferably said majority 
comprises at jeas: 9C* of bacterial species, especially 
with those species faund in general with possibly infected 
(septicaemic) patient^. A method as provided by the 

25 invention is even more\ specific and/or sensitive when at 
least 95s, preferably least 99^ of said species is 
reactive with said positive control probe or no more than 
b-6 r preferably no more than I"; io reactive with said 
negative eor.troi probe. 

30 Such a positive or negative control probe as provider 

by the invention ;. s given in the experimental part, ir, 
general said positive control probe comprises no more than 
live mismatches with a probe w^th the sequence 
GCTGCCTCCCGT AGGAGT sr.d ; • y ±. 1 neajT . ve cont roi prob*= 
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FlJr1 ^P more ' the invention provid^i method with 
additional value to the clinician in that in said method 
a probe is selected for its reactivity with one or a 
group of bacterial genera and/or (sub) species having 
congruent susceptibility to antibiotic treatment. Such a 
probe detecting or identifying a bacterium in a sample, 
preferably a clinical sample, is capable of hybridising 
with nucleic acid 'found in a group of bacterial genera 
and/or species or subspecies such as found with 
Staphylococcus and many other bacteria having congruent 
susceptibility to antibiotic treatment, 
p - rp - a preferred embodiment of the invention, such a 
probe is having no more than f.ivp. nrpfar^wi.r ~~ 

^ ' l '-*-jr • * ^ iuw l — ujidii 

two i.ixbiiidluiies with a probe selected of a group composed 
of probes having\a sequence GCCTGCCAGTTTCGAATG or 
GAGCAAAGGTATTAACftfTACTCCC (i.e. reactive with bacteria 
for which amoxyciluin treatment is most likely effective) 
or GTAGCCCTACTCGTASGG (cephalosporin treatment) or 
GTTAGCCGTCCCTTTCTGg\( piperaci 1 lin and/or aminoglycoside) 
or TTATCCCCCTCTGATGG<\ or GCCACTCCTCTTTTTCCGG (amoxycillin) 
or GCTAATGCAGCGCGGATCC\ or CCGAAGGGGAAGGCTCTA 
(vancomycin) or AGAGAAGuAACCTTCTCGTCCGTT or 
AGAGAAGCAAGCTTCTCGTCCG 1 ucl oxaci 1 1 in ) . 

Jn a much preferred embodiment of the invention a 
25 one-step procedure is used for both binding target 

bacteria Cm the sample) to a microscopic slide and fixing 
intracellular structure?, in the experimental part, 
various lysis buffers and fixating technique are provided 
chot utilise such a one-r.i-;»p procedure. 
30 Furthermore, the invention provides a diagnostic test 

kit comprising means fcr or-retting or identifying a 
bacterium suspected c* be mo present in 3 sample using a 
method according to the invention or using a probe 
a c c n r d 1 r. o * - * Y ' ^ » - * - * ■ - - ■ - , . . . * 
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Instructi^^ for a method comprising in ^Bu hybridisation 
may be addfa. Optionally, said probes, whicn can be common 
nucleic acid or peptide nucleic acid proDes, are linked to 
reporter molecules such as direct fluorescent ^abels. 
Other reporter molecules, such as enzymes or radioactive 
labels are also known 

In addition, said kit may comprise one or more of the 
necessary buffer solutions, such as lysis cuffer or 
hybridisation, optionally in ready made form, or for 
example cover slips and reaction vials. Said kit may fully 
comprise sets or probes reactive with a wide gamut of 
(pathogenic) bacteria, optionally characterised by 
reactivity with bacteria of congruent antibiotic 

.^UfiCftOr i hi 1 i f v . or m ^ v rnntnr i c; ^ .-ore n f nv^iK^c 

1 J ' ' " "J L ~ w — C — ~ 

specifically directed against bacteria of Gram-positve of 
-negative, rod, coccus or chain- or clump-like character. 

Such a kit may also comprise probes specifically 
reactive with antibiotic resistance genes, providing a 
positive identification of least applicable antibiotic 
20 treatment. 

The invention is further explained in the 
experimental part of the description which is net limiting 
the invention. 

25 Experimental part 



An example of h o f d robes specific for the 

detection of pathogen;;;, carter. a and an example of a new 
protocol for hr:n*SD-,i : - hybridisation are 

presented. The nethoco"cgy no — nbeo her, is for example 
used for both a preliminary screening or samples from, 
septicaemic patients cr i?. n > I : substitute en the ba.si^ 
of wnich therapeutic decision; are made. The invention 
thus provides a rapid and reliable method fcr d^ t c r t ; m r - 
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Components 

A set of fluorescent ly labeled oligonucleotide probes 
5 designed to hybridise specifically with a group of 

pathogenic bacteria [i.e. genu?- specxf ic probe) or with 
one specific pathogen ;i,e. :.pe::e5- sp&cif ic probe) or 
with bacteria with congruent suscept ibl 1 ty or resistance 
to antibiotics. 

10 A protocol for fast in situ hybridization of bacteria 

present in samples of blood collected from septicaemic 
patients, using the said probes. 

Oligonucleotide probes designed to hybridize specifically 
15 with a group of pathogenic bacterid. 

In a particular embodiment of the invention a method 
provided by the invent: on is exemplified by making use of 
165 rRNA target molecule because a large databank 

20 containing 16S rRNA-sequences exists and is freely 
accessible via the Internet:, labeled probes form an 
essential part in situ; hybridizations. The present 
invention provides a set of probes which nave been 
designed m an unexpected novel manner i.e. not based on 

25 normal taxcncmic principles but rather on their 

pathological significance. The group of probes which apply 
to this particular embodiment :r toe invention have been 
oes:gned in such a way that they soum group (s) cf bacterid 
which are ciusterea on the bas:^ cf presumed congruent 

30 sensitivity to antimicrobial agents. Positive 

..dent :f icuticn thus yields airect therapeutic; information . 
Grouping Gartens on the ba;s: t s 1 t r presumed 
antibiotic, susceptibility results :n groups of bacter.i 
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on the ojpria °f presumed ant ibiotic^cept ibUity 
patterns^ muc h faster over classical culturing methods 
that still suffer from fenotypic variability induced by 
environmental factors. The probes are preferably labelled ' 
with enzymatic or fluorescent labels. Current fluorescent 
labels which are applicable ir > this invention are: 

1) Direct t luocescen: labels- 

Fluoresce in- iscthiocyanate { FITC) 
Tet l amethylrhoaarru ne-5-isochiocyanate (TRITC) 
Texasred" 

b (6) -carboxyf luorescein-N-hyciroxysuccinnde-ester 
( FL'JOS'") 

7-amino-4-methyi ccumc . rin . 3 5Cetit; dCld (AMCA ~, 
J 5 - Phycoerythrir. 

lndocarbocyanine dyes such as Cy3^ t Cy5" and C7~ 
Any other direct fluorescent label 
2) Indirect fluorescent labels: 

Enzymes such as alkaline phosphatase or 
horseradishperoxxdase either attached directly or via a 
C6-thiol linger and used in corrJoinat ion with 
chemilurr.inescent substrates like AM PPV) (3- 
I *spiroadrcantane) - 4 -methoxy- 4 - ( 3' -pnosphor yloxy ) -phenyl- 
1, 2-dioxethaneJ or fluorescence generating substrates. 

Diqoxigenin 'DIG; in combination with anti-DlC 
antibodies labeled with: 

- gold parr i c i es 

- fluorescent laoels 

tin.*: yrr.es such ^ r M^.:^ phosphatase or horseradish 
30 peroxidase, optionally Lr . combination with 
cheinluminescen: substrates like AMP?D fj- 

( ,s P^^amantane)^-^thoxyH-f3'-pho3pho- ryioxy; -phenyl - 
1,2 dioxethane) or fluorescence generating substrates. 

^ ' o t i n in ccrr.h i n r : * ' - ■ * ^ - - . ^ - ■ t ^ • — ^ , 
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Dinit r^^ieny 1 as hapten in combmati^with 

appropriate antibodies anc labeled ]ust like the anti-DIG 
antibodies 

Any other indirect fluorescent or enzymatic label 

5 

Fluorescent labels allow direct microscopic analysis 
preferably comb me-: a w;t l ; image analysis. For the detection 
of fluorescent ol iqoruc 1 eot i de probes hybridised to 
ribosomai RNA of the target bacterium, photography can be 

10 applied. However quantitation by this method is hampered 
by the absence of objective criteria by means of which 
discrimination between hybridized and non-hybridized cells 
can be performed. Therefore for objective evaluation nf 
probe-specificity, an image analysis system is employed 

15 which allows f iuor imet r i ca 1 reading of individual 
bacterial cells. 

A protocol for fast m situ hybridization of bacteria 
present in samples of blood 

20 Protocols for the detection of rRNA in situ typically 

utilise both ^ lytic reagent for permeabilisat ion of the 
bacterial cell wall and fixatives to preserve structural 
and molecular integrity of cel-ular components. However, 
the results of such hybridizations are highly dependent on 

25 the type, concentration ana .mcubat ion-time of both the 
lytic reagent and the fixative. Component 2 of the 
invention consists of a protoc:/. .or :/i silu hybridization 
in which oorh or : mc>; o • \ x ^tion or:d taxation have oeen 
optimizer for a subsequent r.ybr . .n/at.ior; of maximally 2 

30 hours. For this protocol it was important to ensure that 
the hybridization procedure used was applicable to a wide 
variety cf unidentified h^;:* - : i . differentiated use of 
lytic reagents could en", y be oasea on information obtained 
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A or^^al lytic reagent can be cho^on the basis of 

the gram-sfain of the pathogen present in the sample of 
blood. This procedure of differentiated permeabUisation 
is novel to regular protocols for in situ hybridisation in 
which the permeabUisation is always dedicated to the 
permeabUisation of one or a defined group of target 
bacteria. In this new procedure a very wide array of ' 
unidentified bacteria can sufficiently be permeabil ised 
without destruction of intracellular structures. 

A one-step procedure is used for both binding target 
bacteria {in the sample) to the microscopic slide and 
fixing intracellular structures. Procedures presented in 
the current scientific literature all use multi-step 
protocols for bindina. fixi 

bacterial cells in order to condition them for optimal 
hybridisation . 

The hybridisation time is shortened to 2 hours. 
Regular protocols' for in situ hybridisation utilise a 
hybridisation time of minimally 24 hours, rendering them 
useless for rapid diagnostic apolica tions . 

The invention also provides kits for carrying out the 
rapid detection, of bacteria in nlood samples according to 
the invention. Such a kit will usually comprise at least a 
probe or probes and optionally other reagents such as 
25 components for hybridisation- fluid, washing-fluid and 
permeabUisation- fluid . 

Such a kit may be applied in a routine bacteriology 
laboratory or in a bedsioe environment, both as a fast 
screening method or as a fuU -.ubstxtute tor classic; 
30 identification methods. 



Examples of probe design ann development 
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^ blood from septicaemia pat^ts. In addition 
hybridises with 3 species or a cluster of 

bacteria which share congruent (but often not identical) 

antibiotic sensitivity oatterns 



ID Sequence ( S ' - 3 ' ) 1 

A oC TC C CTC C CGTAGti MIT 

[* ACTCCTACCGGAGCCAGC 

10 C CCCTCCCAGTTTCGAATG 

-J GTAGCCCTACTCGTAAGG 

C. GAG'-'AAAGCTATTAACTTTACTCCC 

15 F TTATCCCCtTCTGATGGG 

C CCTAATCCAGCGCGCATCC 

if CCCAAGGGGAAGGCTCTA 

I AGAGAAGCAAGCTrCTCGTCCG 

J GTTAGCCGTCCCTTTCTGC 

20 K AGAGAAGCAAGCTTCTCGTCCGTT 

L gccactcctctttttccgg 



V3 

V? 

V3 



Bacterial K-inoom 
no matches 

5 jirr.ons 1 \ a spp, Klebsiella spp, 
tCncerobac ter spp . 
K. oxytoc-i, S. ma rcescerii , 
€r\terobacter spp, Proieub i,pp 

E- COil 

L. faeCiiio 

S. aureus, 5. haemolyticuo 
S. aur.i.-., S «ap rcphyticj - 
. ,r l r rpnrn* * »j ^ n pp . 
P . aeruginosa 
S aureus 

EnCeroro^cus laecium 



25 



1 Each probe optionally contains an FITC-label at the 5'- 
end 

2 The variable region cn the 16S rRMA where the target- 
sequence of the prone is positioned. 

3 The species or genus which r Rna contains a match with the 
sequence of the prot>e. 
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Protocol example . 

A newly devised protocol for i ; ast in-situ hybridization of 
Pathogens m blood frorr septicaerr.ic patients. This version 
consists of a step-wise vor - , st which car. directly be usee 
in a laboratory environment. 



1 



Colleen a same 



hi 



:d fron. ,3 patient usmcr a 



vacuum seaLeo culture bottle. 

^ Place the culture oottle m the pre-CL.turir.g 
machine (e.g. SactAler:,, jraa:;on Te.KniKa, Dji.W, NC 
27704) to momto: '.he growt.n of the pathogen. On-lin^ 
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3 AfnAactenal growth - n a sample^ blood has beer: 
detecced.^rtorm a Gram-stair, and take out the culture 
bottle and collect. 1 m . of blood from the bottle using a, 
syringe . 

S 4 Using the syringe, put + /- 0.1 ml of this sample on 
a degreased glass slide. And streak out using a slide of 

glass. 

5 Dry the slide for b minutes on a hotplate (for 
example of approximately 50 c o . 

10 6 fix during 5 min. in ethanol (968 ): formaldehyde ( 37% } 
(9:1.) 

7 Dry the slide for 5 minutes on a hotplate. (Slides 
can be stored for several months if kept at room 
temperature in a dry chamber) 
15 8 Fermeabilise Streptococci 20 nun at 25 C with 

lysozyme (i g/i) 

9 Permeabilise Staphylococci 20 mm at 25 C with 
Lysostaphir. (100 units/ml] 

10 Rinse the slide with ;oernmeralised) water for 5 
20 minutes 

11 Dry the slide for 5 minutes on a hotplate. 

12 Pipet hybridisation bu f fer ( +-SD5 ) -probe mix 
( [probe] =iur.g/fil j . Cover with a coverslip. 

12 Hybridize 2 hours (for example at 48°C). 
25 14 R:.nse 5 mm asmq hybridisation buffer (-SOS) . 
15 Mount the slide with a coverslip. 
"c Evaluate the slide;. 

phosphate buffered s^lir.e 
30 - ? q/i NaCi 

- 1.44 g/l Na.HPOo 

- 0.2 4 q/1 KH ? FC 4 
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Hybridisa 



buffer ( +SDS ) 
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- 900 ml Milli-Q ware: 

- 52 . 6 g NaCI 

- 2.52 g Tris ( hydr ox yme t n y \ \ -^inomethane 
5 - adjust to pH 7.5 

- add 90 ml water. 

- sterilize 15 minutes 

- 10 ml SOS (10%) s lock 

10 hybridisation buffer (-SDS) 

- 900 mi Milii Q water 

- 52,6 g NaCl 

- 2, 52 g Tris 

- adjust to pH 1 . 5 

15 - 100 ml Milli~Q water 

- sterilize 15 minutes 
hybridisation buffer-probe mix 

- 10 ng/ul of lyophiiized probe in hybridisation buffer 



lysozyme bufier 

- 1,2 g Tris (^lCCmK > 

- 3,86 g EDTA (-50.t.>:, 

- add 100 ml of rnilii-y 
25 - adjust to pH 7 . 5 

- 0,0 5 to 0,2 g lyscriynv?.- 

Lyso staph in buifer 

- 1,2 g Tris i - lOCr^;* 
^0 - ; , 86 g EDTA ---5 0rM: 

- add 100 ^1 of mil] 

- adjust to pH 



20 



- 0,05 to 0,2 



dilute a 1 v >> o ^ t 5 c h i r, 



' ig ' m 1 n r ; 1 ] ) - 7» 
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Optionall^to lyozyme Dufter or lyostaphTr. buffer C,CS 
to 0,2 mg/ml Proteinase K is adoed. 



ethanol-form aldehyde (90:10) 

- 1 nil formaldehyde 3 7$ 

- 9 Til erh.^r-ol 981 



Vaii da tier, of probe specitjcity 

Specificity of probes was tested against the complete RDA- 
dat abase (http: //rdpwww. 1 -.e. uiuc.edu: 8 0/rdphome . h tml ) of 
15 augus: 1996 using the CheckProbe command and was 
considered sufficient if a no more than five, preferably 

determine whether the probes could reach their specific 
target sequence, a reference collection of 20 of the most 
predominant bacteria in sepsis were hybridised using both 
the protocol and the probes mentioned here above. The 
result of this validation is listed in table 2. As can be 
read from this rab^e all probes yield a satisfying 
hybridisation profile. Using the qroup-probes C and D it 
is possible to distinguish between: four groups of gram- 
negative reds : 

C-positive and O-pcs it ive : Klebsiella oxytoca, 
Enterobacter cloacae ana Enterobacter aerogenes 
C-positive and D-neqative: Klebsiella pneumoniae and 
Salmonel : a t yph a 

,.-negaci-H jnd D-pcsitive: Gerrstia marcescens and Proteus 
v u 1 g a r i s 

>neq Ll - :e and u negative: trot = us rarabUis, 
For Escherih_.n co l i arid Pse jdomcnas aeruginosa two 
species-specific probes ; z u hj ^ have beer, designed ana 
validated. Tnese probes are optional ly included because 
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notoriouAthogen. Probe I is a genus-^ftrif ic probe 
which can Te used in conjunction with probe F because 
Streptococci and Enterococci share the same morphology, 
while they require different antimicrobial treatment. 
Using both probes G and H, 4 separate species of 
Staphylococci can be distinguished: 
G-positive and H-posi f : vo : Staphylococcus aureus 
G-positive and H-negative: Staphylococcus haemolyt icus 
G-negative and H-positive: Staphylococcus saprophy t icus 
G-negative and H-negative: Staphylococcus epidermidis 
Probe K is a speci. es- specif ic-probe for Staphylococcus 
aureus and can be used to support the results obtained by 
probes G and H. 



15 
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Table 2. 



Bacter ium 

Escherichia coh 



Klebsiella pneumoniae 



Klebsiella oxytoca 



Serratia marcescens 



Enterobacter aeroggnes 
Fntero bacter c loacae 
Proteus vulgaris 



Proteus mirabitts 
Salmonella typhi 



Pseudomonas aeruginosa 



Enterococcus faecal is 



Enterococcus faeaum 



Streptococcus pneumoniae 



Streptococcus rnitls 



Streptococcus vindans 



Streptococcus sanguis 



Staphylococcus haernotyticus 



Staphylococcus aureus 



Staphylococcus epidermfdis 



Staphylococcus saprophytics 
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Legend: Probecoding see table 1, gray=positive 
hybridization, white=no hybridization 



10 



IS 



20 



Testing a method in whole-blood samples. 
Preliminary testing of a new method in 50 whole blood 
samples which were found positive upon pre-cul turing 
yielded a correlation of 96% between a method described 
here and the classical culturing method which was also 
applied to each of the 50 samples. 

However, the results of a method described here could be 
obtained within 3 hours while culturing results took a 
mean analysis-time of 32 hours. 

Further practical application 

Septicemia is a pathological condition in which viable and 
multiplying bacteria may oe present, ir. the bloodstream. 
This condition may occur after trauma or surgery 
(especially of the visceral organs), immunosuppression and 
obstetrical complications. It is a potential life- 
threatening condition and appropriate information on th<* 
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is routi! 
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^ carried out by selective coring of blood, 
which has previously been incubated on a genera: medium m 
a blood culture system. Currently, three continuous- 
reading, automated and computed blood culture systems are 
available m clinical micros ology today: the BacTec 9240 
(Bectcr, Dickinson Instruments,, the BacT/Alert (BTA, 
Organor. Teknika) and the Extra Sensing Power (Difco'"" 
Laboratories). All of these machines measure the 
production-rate or a bacterium specific metabolite ir. the 
culture-bottle containing the patient's blood supplemented 
with general nutrient broth, subsequently if bacteria? 
metabolic activity is detected, the positive blood culture 
sample is plated on appropriate sel(=rH vo ~ 

- • - ">«■• ^ J- <-i JL I. 

f I) rl" hp r 3 1 \ > ^ ^ * ■ • ^ 

. j,^*-. .-.x^iuuxdi xaentir ication, taking the 

positive blood culture as a starting point, takes 2 A h to 
72 h to complete. Reduction of the analysis time may 
result in reduction of the use of broad-spectrum 
antibiotics as the genus or species of a pathogen gives an 
indirect indication of che most appropriate antibiotic. 
Subsequently, this may result m a lower frequency of 
emergence of resistance against broad- spectrum 
antibiotics. Furthermore, j. t nay result m lower cost 
because suppressive empiric therapy may be substituted by 
tailored and less expensive antibiotics with a smaller 
25 spectrum. Several methods for rapid detection of pathogens 
huimi " Diood have b -en described previously, most of' 
then using the polymers cna.r. react. on or fluorescent 1 v 
labs lea probes. Air hough these methods are fast and 
■^curate, routine bacter i o; ic= 1 analysis still heavily 
30 relies or. clas.-ca. culture -chnque. it was therefore 
decide that for a molecular biological method to be 
successfully implemented _r. -r-,.ne bacteriology it snouid 
be fast maximally 1-4 r, ; ar.J very easy-to-use lS .g. ,., 

"implex = £ f V i • p r ^ - r, t , - . 
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ol igonucl^^ide probes, was developed ai^^aiiaated. The 

probes described ir this turther practical application 
section comprise of singie strain oligonucleotides 
labelled with fluorescein i so- thiocyanate at the Vend; 
complementary to a genus- or species-specific sequence on 
the 16S- or the 23'? ribosomai RNA of the target -organism . 

Materials and methods 

Blood samples 

During the time of :his study a total of 182 blood samples 
which tested positive m the Bact Alert-blood culture 
machine were processed ^mni tap.eously, using both whole- 
cell hybridization and accepted cuituring methods. 

Cul curing 

Microorganisms cultivated from positive blood cultures 
were identified by using the API-testsystem (BioMerieux, 
France) or. by using standard microbiological methods. 

Probes 

The characteristics of the probes used in this study are 
listed in Table 3. All probes consist of a single stranded 

oligonucleotide sequence rcvaJently linked with 
fluorescein i s o- v hi ocy a n a t e a*; tne 5' -end. Probes were 
Synth*-::! red t>y fclur-Ccr.te? l-v : r-?aas t nchv. , The Netherlands} 
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Table 3. ^^.gonucleotide probes used f c^Pybridization of 

some pathogens normally detected in blood from septic 
patients 



Probe* 

F.UB 

non-EUB 

STREP 

EFAEC 

EFAEK 

STAUR 

CNS 

ECOLI 



. o i_i w isr~*. i — rv 



Sequence { 5 ' — >3 ' > 

GCTGCCTCCCGTAGGAGT 

ACTCCTACGGGAGGCAGC 

GT7AGCCGTCCCTTTC7GG 

T7A7CCCCCVCTGATGGG 

GCCACTCCTCTTTTTCCGG 

AGAG AAG C AACC T T C 7 C G T CC G 

GGACGGCTAGCTCCAAATGGTTAC? 

GC AAA G G T A TT A ACT TT a r TCCC 
GGACGTTATCCCCCAC7A7 



Target(s) 

bacteria L Kingdom 
negative Control 
5 cr ep t ococciii" spp . 
£nteroccccu^ faecaii^ 
£n terocoecus faeexum 
Staphylococcus aureus 
Co^gul ase-negacive 
Staphylococci 

C . L . ^ U •» 

Pseudomo/ias aeruginosa 



ENTBAC 



CATGAATCACAAAGTGGTAAGC GCC En ce roba c ten urn spp 



Preferred 
antibiot i c* * 

n. ^ . * * T 

n . eJ . 

Pen ici 1 m G 

Amoxycil 1 in 

Vancomycin 

Fl ucloxacillin 

Vancomycin 

Amoxycillin 
Piperaci llin+ 
ami nog 1 ycos ide 
2^ generation 
cephalospon n 
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All proces consist o: single strain DNA covalently linked with 
flurorescein iso^hyocyanace at '.he V-end. The E. coll -specif ic probe 
is directed against 2jS rRNA , ir.e otner probes are directed against 
the ICS rRNA. Probe-nomenclat ure consists ot mnemonics instead of a 
form.-i] nomenclature-system lor : <-vjs--nr. of convenience. 

7ne anuoiocic of first choice 
* TT not applicable 

**** Limited choice frum all available therapeutics. On the basis c: 
rhe local cpiaemologicai situation other iherapeutics may prevail 



whol e eel . 



iym ai za t ior: 
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After gramsza . r. : r.c -j ." '.. : .j % t^:. preparation or a positive 
n'ooi culture. - ::.:ice w,,- - - : : ; - r . tne subsequent 
perrr.eabiii^r i or. -protocol ana . set or appropriate probe? 
;rabie 3; . fA-cir.pcsit ive streci-occ, were per.T.eabilizea ::y 
incubating t^e iixeo sl^c: , r. o permeabil izat ion-buff er , ; 




5 fifteen yl was pipetted on a glass slide and subsequently 
streaked out. Aft er air-drying the slide, the cells on the 



slide were iixed i.n a 41 formaldehyde-solution in pure 
ethanol. After permeabi 1 1 ?. at i on , the cells on the slide 
were hybridized at 5CTC. Gram-negative rods were} 
10 hybridized during 45 min, gr sm-posi t ive staphylococci were 
hybridized during 2 h and yram-pos it i ve streptococci were 
hybridized during 5 min. Per gram-type a different set of 
probes was chosen (see Table 4). 
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Table 4 P 



# 



rmance of the method 
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tach assay 

Gram-positive chain; 



Application-criterion* Probe 

EUB 

non-E r Jb 
STREP 
EFAFX 
£FA£M 

Gram-posit l ve chumps 3TAUR 

CNS 



iram-r.egat xvp roj: 



ECOLI 

PSEUDAER 

ENTBAC 



Target organism n»* r**» 

Alx bacteria 182 I. 00 

negative centre! 182 1.00 

Streptococcus spp. 2C 1.0C 

.'.Yirerococcus rlsecaiis 10 - i . 00 

Enterococcus faecivw V ".00 

jphyl ococcus Aureus 13 I. 00' 

Coagul asc nega ri ve 1 3 i . 00 

jphyJococci 

Escherichia coi.i 23 i.00 

Pseudomonas aeruginosa 4 1 . 0C 

Enerobdcceri'jm spp. 2 3 1.00 



* The application criterion is the mi cromorphol ogy of the pathogen in 
5 the initial gram-stain which is mad? after the BaetAlert blood culture 
machine has detected microboLic activity in the bloodsample 
** n^number of strains positively identified by culturing 
*** r»correlat i on coefficient. This is the number of matching 
identifications between FISH and Traditional culcuring divided by the 
10 total nurnber of assays 

Comprises of 66% of the total number of samples tested- Other 
samples showed no signal with the positive control probe 

However, a probe (i.e. EUB-prooe) positive for almost all 
15 bacteria and the reverse complementary probe (i.e. non-EUB 
probe) were included as a positive and negative control 
respectively, irrespective of the gram-type. Prior to use, 
probes were diluted to a concentration of 10 ng/ml m 
hyoridizatic?. butter ,20 mN Tr. 5-HC1, C . 9M NaCl, L . ; f D 1 , 
20 pH V.2i. Arte: hyb r id t >: u ■ i on , .ho slide.- were rinsed 

during 1C nj.r. ~t SO'C i'. w.js1;'.:;;j buffer (/0 mM Tris-HCl, 
0 . 9>' NaCl, C.l*. SDS, pH 7 . ? \ a no mounted with Vect aSh i e ..c 
(Vector Laboratories, Bu r 1 i ngc jhc , 'ISA, . Immediately 
hereafter, the slides were evaluated using an 
25 epifluorescer.ee micros cone. 
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The result 1 



this section show that ide 



f ication using 



whole-cell hybridisation dramatically increases the speed 
of the diagnosis. In Figure 1 a typical example of the 
microscopic image obtained after hybridizing a blood 
5 sample obtained from a patient suffering from 

Streptococcus pneumoniae sepsis using the STREP-probe is 
shown. Using the described protocol, a clear-cut posit] vt; 
signal was obtained. Repeated microscopic evaluation by 
different observers confirmed the unambiguity of the 
10 interpretation of the images obtained by this method. In 
Table 4, the results of the stucy are listed. The 
observation that all strains hybridize positively with the 
EUS-probe indicates that the hybridization protocol is 



15 species and genera tested in this study. The negative 
results obtained with the non-EU3 probe indicate the 
absence of aspecific interaction between the probe and 
constituents of the cellular mstrix. The speed of 
diagnosis (after the sample is positive in the BactAiert 

20 blood culture machine) varies between 25 min 

( streptococci, / enterococci ) ana 2 n (staphylococci), while 
routine bacteriological determination would take at least: 
24 h to 48 h. The advantage cc the patient is obvious 
because, as can be read from Table 3, the clinician is 

25 able to start appropriate ar.r. ir; crobial therapy within the 
working day instead of after 2^ h to 48 h. Being able to 
choose the most appropriate antibiotic also diminishes the 
neec :c: broad-spectrum antibiotics therewith indirect J y 
lowering the incidence :i ant .cut i c - res l stance . In tab)- 

30 4 the results obtained -n ih/ section are mentioned. 

Broader application of the product 

I r it.- ~ ' ] r r ^ r r f ^ r* * ^ . - ■ ■ ^ - - ■ . > - ^ ,~ <~ — >- - r . - - - 
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other cl 




i:al samples. Experiments us 



the current 



product (i.e. probes and protocol) m another type of 



well possible. Future application incluae: 

- New probes tor other ralcv-ini species/genera 

- Other types of clinical samples like: sputum, pus, 
urine, where generally ncn-^ept icaemic bacteria, such as 
Legionella pneumoniae can be found, using 3 method 
according to the invention. 

- Rapid diagnosis enabling the clinician to easily choose 
the appropriate antibiotic 

- Less use of broad spectrum antibiotics, therewith 
lowering the incidence of antibiotic resistance 

- Cheap, a typical riSH-ar.a ! ys i s is about 50% cheaper than 
a traditional cuituri no-based analysis. 

- Easy tc perform. A FISH-based analysis requires less 
actions and less hands or. time than a grar. stain 

Lay-out of kits 

T n ere ars rn^r.y possibilities f ~r oossible kit format" 
several h re listed below. 



clinical sample have been carried out. The sample-types 
were: liquor and ascit.es. Results indicate that 
application cf the product -_r. these samples is perfectly 



One mam kit t.ot K' ( J Tests 



l s 



1 ocsitive control, 



i neaative centre I 



one unknown) 



consistma 



all ;< 1 t s 



1-4 listed bc-ow including 
kits listed be., o w a 1 o n e c r 



detailed protocol. Or the 



a comb j nat. : on 
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Kit 1 (th^p^ntrol kit;: 

- Lyophilized positive control prooe (such as EUB or 
probe (s) functionally related thereto) 

5 - Lyophilized negative control probe (such as non-£UB or 
probe (s) functionally related tnereto) 

- Lyoph.i Uzed hybridization buffer (20 mM Tns-HCl, 0~ 9M 
NaCl , 0 . 1 £ SDS, pH 7.2^ 

10 Kit 2 for grarc-negative samples: 

- Lyophilizea probe such as ECOLI, PSEUDAER, ENTBAC or 
probe(s) funct jonally related thereto 

Lyophi] izcd hybridization buffer (20 mM Tris-HCl, 0 9M 
NaCl, 0.1% SDS , pH 7 . 2 ) 

Kit 3 for gram-positive streptococci -like bacteria: 

- Lyophilizea probes such as STREP , EFAEC, EFAEM or 
20 probe (s) functionally related thereto 

- Lyophilized hybridization buffer (20 mM Tris-HCl, 0.9m 
NaCL, 0.1% SD5, pH 7.2) with !. nig/ml hen-eggwhite 

lysoz yme 

25 Kit <1 for stapriylococci-li ke oncteria: 

- Lyophilized prober such as STAUR, CNS or probe (s. 

functionally related thereto 

- Lyoph: 1 tzec hybridization ^:::er v ;;c mM Tris-HCl, 0 . 9M 
30 KaCl, 0.1^ SL-, pH < .2 with 1- units/ml lyscstaphm 

Basic .abel.ng of probes is w — n fluorescein isc-tni- 
cyanate. Alternative^ kir;: may contain probes with otner 
rluore?cer- l^oels ^ . c "v - - - ~ - n - r-> ~ - ru..~„ 
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with dif^^nt fluorescent labels for s^taneous 

detection of different targets with one test. We have 
successfully detected streptococci and enterococci in one 
sample in this way. in Fig 2 an example of this type of 
application is shown. Hero, u mixed infection of 
morphologically indistinguishable gram-positive 
streptococcus-like bacteria are successfully hybridized 
with both the STREP-probe (KTTC-label) and the EFAEC-probe 
(Cy3-label). other combinations of the above kits may also 
be provided as one kit for a specific application. 
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Legends 
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Figure 1: Cells of Streptococcus pneumoniae show intense 



bright fluorescence after 5 min. of incubation with the 
5 STREP-probe at 50'C. Magnification = 10x130, f luor ochrome 
= fluorescein i so- thiocyanat e 

Figure 2: Mixed infection with E. faecalis and 5, 
pneumoniae hybridised simultaneously with both the STREP- 
10 probe (FITC-labeH and the £ FAECAL -probe (Cy3-label). Also 
a fluorescent DNA/RNA stain ;DAPI} has been applied to 
detect all nucleic acid. 





